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7 ] m^jL\zrr^t>^mzm^^ nfc^tt^ 

T, 6 9 <D^^^tvi>'>\z^^(Df3 >^vn-'m:f 
[000 13 

[0 0 0 23 ±e*>?^wt-S:?'n-':/& 



) «I^P5p5-2847 6 5 

[00033 

^^t:m^mMx'^^7^nv>^)v^^ (^at, st 

MiBg-T) 35*^^;^ n (G. B i n n i g e t a 
1., Phys. Rev. Lett. 19 (1982) 

5 7) . m^^. #^^s*p.i*>r^^f«msr^L.<«v^ 

%®flDKfc^E£^inx.T, lning*a>ffi«t^7?^':^lt 

fifrf^feUIBT?* ^ S T M ©j£«SH3^J*^ffl ^ ^T- 

TV^S. 6 3-1 6 1 5 5 2-^^^, 

036 3-16155 3#5;itt^tglfeSnTVi«.<fc5 

\z. ■^mt&n.w^n^^WLt,\^x<Dmm^immmzm 
m^m^m^^xxi'^^. n^\zz>^^^x\t. 

[0 0 0 43 S ©SS^i^X-T^AOSI^lRli* It 

^u/t-fficD s TM::^D-:^*«f^3ftt^nTV^s, (t. 
R. Albrechtet al., "Microfa 
brication of Integrated S 
canning Tunneling Microsc 
ope**. Proceedings of 4th I 
nternational Conference o 
n STM/STS SlO-2 July 9-1 
SO 4, 1 9 8 9) . S2 0 tt^-COi^Bl^r^t-. H:«#2 
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(3) 

3 

lO (a) . (b) . (c) JC^r^fcX, Y, ZWS 

[0 0 0 5] ^it. ti>^i^n-mztu--/<om^fWL 

\zm&im^^W^M:£m^ CK, E. P e t e r s o 
n, "Silicon as a Mechanica 
1 Material", Proceedings o 
f the IEEE, VO170, P42D, 198 10 
2) «^ffiUT«ri5l/fcSTM)^. #69^6 1-2 0 6 

mz^n^y^i^}SLVitio>^vn- iyr^^m mm. 
(o-^^^^m^. ^'^^mt.mMUiKomzi^^^^'^ 

;5J:^tC#|^$nTV>So ^75t. #reBS6 2-2 8 1 1 
3 S^^^fCli, #^@6 1-2 0 6 14 8f^l2i^{zra 

fh'&nit(Dtmko>^^'&^^^)i^\zm^\^it^^'^r 20 

>Sfe&iiix-r s ;i t i t) JEEfa^s^/t^ ^)Vyi>^ 

(S. AKAMINE, et al. "A Plana 
r Processfor Microfabrlca 
tion of Scanning Tunnel in 
g Microscope", Sensors and 
Actuators, A21-A2 3 (1 9 9 0) 9 
64-9 7 Co ) 

[00 0 63 30 

(n) ff^^ZnO, PZT^f*fe4ma§<0fcae>-€-<0ji 
(A) JBEQ^ZnO. PZT^<DiEE«t£&Sgi8£»<&^r^9 

CO 0 0 7] ¥3J««3g:/D-fe;;^tt|g$^Vifc. 



#S5|i5-2 8 4 7 6 5 

CO 0 0 8) -tUT. *%||OMW«, iffifiesfeW®^ 
C00 0 9] 

csRffis)^^r<&)tae>o^®Rt;f^ffli ±iBros«. « 
CO 0 1 03 fip-fe. :^^momi\i. ^«±fc:itj^*&^ 

^m^m<o^mwi\z^o^iScr^z:t^^WLt^^tf> 

1^ \zm^S<^nxi^^ Z. t iif ^ ±IB 
-5* Wt-M^;gT7?& 

CO 0 1 1] :^^^<om2\t. sM^mt. msMi^m 

s^^jc:feviT. f$imiSLm^\t.. ^^m^±\z\i>z^{z 
^r>-^'^tir:i)^mt^mk\zm&^rL. 
m^^mtmm.fsi:^{^iz^^L^. ^it. wnzm-^^tifz 
is^^m&mmm^^r). ^m&[mpi:^\^izmm'^z,h 

[0 0 1 23 y^m^<Dm3\t. JtE*%?gmi&^iri» 

m2(Dtt>^uj^-m^<SL^(Dmmm^iz. mmy<m 
CO 0 1 3] ^mmom^yt. mm±\zFri^-^m^izm 
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(4) 



i|f|iB^5-2 84 7 65 



0. »*u<tt. ±m':/u-zf(otim^4^m'tft\t^m 
[0 0 1 43 ^mm<Dms\ts ±m*^^mf^3^^Mt 

CO 0 1 5] 6 ft. ±IH2^^^tJ3-'^5<D 

[0 0 16] *«^6Dll7>i. ^>:^;^mfit'&fflV^Tl2 

[0 0 17] ;kiz:^¥^m^^^m^^xmm'r^. 

10 0 1 8] 01l»%?^^ia)*>^Wt— 
afe^». 0 2 (a) fOTl®A-A' ^rffiH-^feO, 0 2 

(b) liB-B' mmm^^^o sis«iic— 

H-:/Po 1 y S i ctO:^i:S5:lt*Jc2 t^^^SS, 
3' . 4. 4' Tf?l^^$nTVi:5o %l^®l3:F-7'h 
P o 1 y S i Ta&Dp^-f :/2b5)Vi}tni$^>f7^<D^mii 

Hfc CCD A >^ v/^- jiictt h 
nr^^iSo s^$nTv>3^vi5&«s iS«l^:l^— 
3' . 4, 4' <Z>««£^fcJ:?):&>?^Wt-CQ^}^ 

3' , 4. 4' «S*>5='W1-©^^^*:2{C56*UT^ 

sg-rcttri-^Txitt^r&nc. ^it^imm^, 40* 

[0 019] 03 lo^v^VA-a 

n-fe;3^^^g^£rffiViT«^SIUfct)OT^*, 04 (a) \t 
H3<Z)A-A' »f®0T&D. 04 <b) l*B-B' Wi 

ffi0"c«^. sis«iteSiOj msi^vx—i^ 

y >H-':/Po 1 yS i ^D:^S^I^2 fc^S^^^B 
3,3' TJJ^J^^nr^^S. ^f^jiliH-:/hPo 1 



S i^«l±0«fil3 at^^^yT^^BITT^I-rR] 
b-CVi$. 0^;§5nrVifeV:»3!f«S i^^liiN— ®-htC 

[0 0 2 0] ^Si^i^@3. 3* om8^WFCi»5:^7>^ 

« 1 3 3 omvzmmw^-f Txsffirar<& i:« 
[0 0 2 1] 0i%^i^)(t03tcj3tU;^<i;^)^> 

7i(.^is§^0^mz^^^^omt^^^^\t^itfi^^±v^ 

U/^— CDS D i:5&«T?^ ^« 

[00 2 2] 05 2 >^ vn-mmrn 

06 (a) tt05COA-A' »f®0-t?»O. 0 

s^u 3 >^£« 1 iw^^sn^siv-u n >^ 5 2 vzmx^xm 

30 U^^iA. S i S«±fc'>U 3 >Sg 5 2 tJE«i*18 5 3 © 

[0 0 2 3] £«^IS5 3±(C», SMWBAO^^m 
5 5RtKjE«^5 4{::m£E^EPilI*r^?t8e>^)Tm«5 6 
a, ±m®5 6 b*t|l®$nTV>S. c:(D«S^fci:D:x 

->u 3 >Sg 5 2 icstr&rrs s i S««5^{cjte*« 

S5 7 3^f^S$nTVi«- C:<Dfe&«M5 7fcfaBESr;&^ 

[0 0 2 4] YW5i^fsm(Df3\tm^nm.tsx$>^if^^. 

>^6 2<OS$L> ffmflc^S 3C0fi$L' . t>i^5 
l;feJ:yf->Ua>'|fe5 2C!>Jl?Sa. fc>i?5 l©ISw, 

[0 0 2 5] 

[fti] 

50 
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enL 1 ^V* 
AY= X (21 + SL+SL' ) 

[0 0 2 6) Jt^ctD, Y$&?^rfii(^^(a:S&:^^<-rs 
[0 0 2 7] exu=i>S5 2it. i^U3>^i^*®<Da;!7 

[0 0 2 8] asKi^u;^^^;^. 'im^%2^%>^ 

[0 0 2 9] H7fi*5B9l!^3®:«;>^Wt-^>^n- 
:/(D— «a|^^^^«0Ta&D, i »SS> 7 i « 
SB, sayn— 7 2«Tms-c*-5. Ktc^Lfcct so 

[0 0 3 0] ^Sli:UT«. ^m^. :3tf^X, 

SVi«»*5»*U<, W7L«n-->^#7 0 5 97a 
->?3 ^MH^Mtrii^M^WIibfc* 7 0 5 9. 

->'J=i>i:7X/\-^^^V^:5Cli:*5T$S. 
[0 0 3 1] !^<O^^S57 1 tt. Br^4>CD-iS*J^ 40 

[0 0 3 2] ;i<OPl^|$7 1 ^UTId. ^^KtS^IK^ 

:/5ttRlSaJ7 l©e*Wc:/^-y5tDflil/®ffi^:- 
{re}^^;£n«• rC[»^«>. ^^7 1(D^d^O^ so 



#B|5F5-2 847 6 5 
^azUTtt, iI>;&:<i:'fe2a«C«i;^^^^bTl.^^i£JS 

[0 0 3 3] «5»:/n-yrL--/ h^SffiV^nt^. Tmfli 
7 2 f^^g57 1 l::mff^EPJD-rsct{z<}:OS^m:^T 

[0 0 3 4] 3t:SSI^€:2gi£$-e:^¥^©:tUTJ3u 2|c0<D 

[0 0 3 5] *%^ll3cr);ib>^VA-^yn-:/<7)Ji^ 
^:&&i:L.Tti. ^5fei:^»<DS^, -^H^Ji^SJf^jSIK-e 

x-/5^>^a^g;&igffli-^^:^}5^l?^. ^<Di^^mt 
[0 0 3 6] ^fc, m^\t. -^muT iTycjES^mt 

[0 0 3 7] H7fc^bfc<t'535:. *%?J]m3<D*>5^ 
[0 0 3 8] 

[0 0 3 9] iiiS0gi 

[0040] 3jc^igTtt> B 1 \zi^vtt^^mm i © 

(1 0 0) nms im«lfcLPCVDSSX^ 
STOS iS:&ftXy5^>^COVXd5^®tUTS i ±< 
h5-f H8 ISj^ieU (g8 (a) #M) . ^fcLPC 

&«v>i4p&jrsi&«K %i^^ji3. 3' sjghE-r^i 

(B8 <b) #^ • LPCVD«PTy>]s 
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(6) 4#lll!^5-2 84765 

9 10 

— ypo 1 y S i SrMJtO%/it<^KUW^XhAd'— 1 0 2 OZ:*!^!©^^ 07. 1 — i^^t/hSViOT^ 

>^)vw^^m'fu-:fB t h >:^>vmM^\^m ^^v^t n >^)vmmkmmm 107 cd^i^^ z:;&f^aa 

co««6*}^dcU ffifficDS i^-f h^-i' H8 i&i^idiHi^&i 1 i^jiUT. 0. 01-0. mzmm 

(0 8 (d) #» . ©ftfc. ll;^f4Xu;5^>5^TS I aiffif ^a:'5fc$i|l|IUrViS. *fca^«0f^*;lSt 

S ®8 (e) . fB!l&(2^JS3, 3' . 4, 4' <D 1 1 5 fcj: D XY^^lRlt^liSii-, Bfeo^^lc:/n«- 

(b) (r>XtK^^^tM'i:'^^. [0 0 4 5] ^<D^m\ZXs tt3|6H0 3lZHOPG ii/ 

[0 0 4 1] il>^vn-(D^m\t. 3. ^^r-f h) «€:^ViT^M«if€rfTS:-D&. A-fTX 

3*, 4, 4' d^;^7>^W^-C?5:3tm^2^*fbT^^ IslK 1 0 6 ttT 2 0 0 TnV<D1t5£mJB£*P'D-:rt^ 

«rrrfcfc^oTHl©X;[;|^tC. ^;feS%«i#:S3, 4 T h >^;Mi8K«femislB& 1 0 7 €:fflV^T«itti$nS«^ 

CD^tcmSSSrJ5i*:t^Y:;^ffiJfc. ^Itm^^MZ. 3' CO J: D^ffi«^€rff X^^^VXUT^O. 0 5m 

W:.W^^mf±\tz:^mzm:mt^z.t,iA'r:'^^. mxo. o 5 /imtUTms^Ufctii^. ^if/ctHTIfe 

[0 0 4 2] ^lC_h|ajb>5^WN*-^:/n-:/&ffi^.^& STMOJS3EKlJ:«f&fl^d^feKStX 

[0 0 4 3] a 1 ott. a? CO 0 4 6] @ 1 \z^vitTi?'^mm\(oij>^v 

vy^)vm&sk(^m^mxtb^. 10 lit, ±^d:^j>-?" n-r&^u-^^. n-^Wi}L\zWkm^my-ftmkit 

wi— :^i 0 2&f^i3&b:Rt5^un>S«c, lO ^>5=-W'?-^:/d— if^s^eicot^i 

5 ti->u 3>s« 1 0 i^z:)3mzim'r^m^mr^M xnnm-^. n-^^^\zm^'^nit±.t^m\:ti>9' 

1 1 A\xz-:}5^nmm&m=Fi o 55tt;j;«7>5^ un-s:/n-y<z):^s:!2i€0i i ^-^^^ ^«i 

]^/1-^yn-:/l 0 2$Sm^M{C^^itS^ifi^ T'>U3>^«*fflVi. M/$?X^ 11 7. Y 

m. 1 0 Stt^Mttl^-r^^^i^^imtr. l QA\tM, -yyhUpy^^ 1 1 8. X-1'^;/^^^> 

isn 0 s^XYzfri^tcmaTSXYm&fttsnffe-S. i|BSS^^I*#^fc*Iil^&fiBl 1 9. ::^n-:/lie5, 

[0 044] ±m<o^mmh>^)]^mmst<r>mi^^&rf wt-i 20. ^hUi^xEi»i2 ia:£ici:Dii«wk 

idj&^f^. «fi£««ii4«. z:6r[^cD3^:x7"--^ ^>^u/^-m':ft^-'^ifim&C'^nx\f^^o i2 2ttm 

^O— :/! 0 2<D'fU-Zf^'iW^l 0 3 05^MJwZ:?^lRl :}?>x>f S«tl <Z)-0<D3a2'bU< «J^fRJ 

SM&^JE«3je^l 0 5C0y^hn-i7|#3fcASJ;'5lC^5£ rs^-pOjafclBm-r^*. 2:nfcJ:0, it^y'r^yifn 

10 2 iriJ— 3|?€3&>tt&JKli8T?^~:^ -iCct 0 e®)^ D [ 0 0 4 7 ] 0 1 1 <^>^?^Mtt, U 3 >SfeS^ 

h>^;i/msfc^aiiaiKi o7tc^o«^aiu zitt>&i^if 4» ®fflxfc:jK^*^«)sj^s8a)#^#^®Rzj:^s$ffi 

>&«-^t;&:5><i;3fc:^57>^Wt-M7'a— 0 2&Z [0 04 8] Hi 2 KJil5mffifl:*>5^Wt— SiP^D— 

:7i 0 2$xY*StSM®lHjKi 0 9TXY^(fljtt^T 3 ttS«Wb* wt~^::/^n->^, i 2 w^^n^^i^ 

^^triJ:Dim^®<0«fc/h>5:Qi!afw*0^flSUfch> S^n-:/! 2 3*XY®l*9lC^3i*r*T^ 

4iJV@fflE3&««fflSn, -C-nSfHIHIilKl 1 2fcmD2i ^aX-^', 1 2 5l3:jfeaElHlK"C&S. 12 6ttE»j« 

i5Js XY^m^fc(g^bT^2i31-rnf^n>;3^5'>'hA ^ i 2 7 ti^^<fc:fe>5^WX— Sr/n-:/! 2 3(0* 

h^-FOSTM|S;^#&ns. STMifelJ, Mife^ :/n-:/^ 5^^n^ni^^>C©^j»flc 1 2 6 fcSW 

31, fei:;!t«2^FET7ii:<D5a31&lxTxw':5^r^V $n«»«IJcaB®iKfl:l 2 6 <Dli#&«IErSTi7a^:xX 

^ 1 1 3(cS^*n5. -eoDii. *>^u/t-S:?^n- 50 1 2 8 J;3:ia^«TElH!KT*s. ^fc. i2 9JiJ: 
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11 

[0 0 4 9] mmit^>'^ujt-m^n-:fi 2 sosa 

3 0 tiWm^t^. -fxi—^^y H^HlalB&l 3 0 IICICO 
T H V7. \zw^^wm:.i^ >^ vn-mrfu—^ 1 2 3 . 
0*:/n-ycD©-^S©^ttiU&^lil 3 1 b(C<E2l*r 
3 1 bttCCDm-^:5^6X^-Jfttb*/-ttX 

CO 0 5 0] :/n-:/, iK*raomfii^i5i, mmm: 
3/ • m^fmmumm^ 1 3 2 j: r)^Nfic®*^e»<3D-r 

U A-JEI&IslK 1 3 3 C J: 0 sow U> >^ U A 

[0 0 5 1] @1 3(Ciai 2(Z)«3&^-^ffiU<D)^8£>0 
]<MI|IIiI»l 3 0<Z>S¥ai:/Dy^^fl|^H^ 

[0 0 5 23 r^SS*7^ii>^-r«»3'-f 

»jfe3i&^ D y ^ 1 3 4 ^mmzn^^n ® ©j^S^ n y 

■r^. ccDxr Hvx*'!7>^ 1 3 6fi. m«ijb*>5^ 

> hffl**p^D— :/T ]< 1 3 7 t-r*. 
CO 0 5 3] *«Yb:«7>^P/t-^7'D-:/3&^ScD^ffl 
uai:^3v out {i3>Av— ^ 138 tcA^-r-&. 3> 

/tU-^13 8«:, Vr e f 1 3 9*3»«JBEi: Urz: 
fli^-r«»o ^K^nM^ffl:^^, :/D-:/T F i^x 1 3 7 

[0 0 5 4] :/D-y^!®7^-3'^;Vl4 0-14 2li. 
«aiU ONSa^, OFFSa*, *?t«tg^ 



) #59^5-2 847 6 5 

12 

[0 0 5 5} ^k^ti>^vn—^rfu-^a^y ^^7. 

::^D— yMHiT^— 1 4 o-- 1 4 205*— ^SrigtHf 

[0 0 5 7] ^fc. S2.i?^?£fT'5:S^liA:^7=-:$^^:^ 
%Sgl 3 1 a*cJ:D#^bUfc^, r/n-r^Mie^^-:/ 

7 ;n 4 0 - 1 4 2 \zfi^'%oy^mm^mmmmiL 

[0 0 5 8] dUT. — :3C7DS^rLn^ h«:^-i^^o 

c 0 0 5 9 ] $ e 1 i^q3ci!>^xcosaigax!y h 

[0 0 6 0] 2ine©:7^n— :/mffi<oz:&rfi]CD^«iS:t^ 

zf • mi^f^mmmm^^ 1 3 2 j: ofi^a, -r^*:)^, 
:/n---:/ . immmmmm\^^ 1 3 2tt:/D-rMi^^ 

-^Vou t?&«fe>tfc*>^wt— ffiKriHiKi 3 3RtK« 

^«iE[aK 1 2 8 $:ra!rr«»o 

[0 0 6 1] ess, 4c|ll£*fgTrffiVi-CVi5;?7>^^/t-tt 
7 e/r«cyn-:r«fi-eSkfit«^IS«)®S«raWTASJ: 
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[0 0 6 2] Jb5i(^:/D-:/$«af^-:/jUfc^-:?v>fc# 

CO 0 6 3] ^(omm. ^Bmrnmrnrnm-r^it. ij>^ 

[00 64] ^16^2 

[0 0 6 b] y^mmm'vf^mvftf3>^un-m^U'- 
S^#:Ji3. 3' . 4. 4* &F-/^>fP o I y S i 
ffiVi. *>5^^A-tf!>5d^2iUTPo lyS 

ow:[Sifa:^jS0yi ti^^. ^sia^j@3. s* . 4. 4* 

wm<r>n^->\%^^ (a) , (b) OJ^acrUT'bA 
[0 0 6 6] ^^tr, iiKi^fgi tHi^tc, Hiofc^ufc 

[0 0 6 7] ^it. i:ia*>5^w^-i!:/n-y^, m 

mm\zmi 2\z^vfiL^^f3>. ±iBmmitiJ>^ur^- 
m:fo-':f^m^>itmmsmm^\iz:^\^^xt>. mmi 
iinmiziism-vmm^<Dm\^^miomm, n±. w^* 

[006 8] mm^ 

:^nmm\t,. :^w^m\<D93>^v?^-m^^=f'\zm 
^z\z^\yity^^^m\<oti>=^vn-m^ 

[0 0 6 9] *r (1 0 0) nms 

i Ot ^3 1 ^-tO^fcJp^rs (El 5 (a) # 50 



#BB^5-2 847 6 5 

m . -^-com. Au^©^M«3 2«^/^^-r:>if 
(HI 6 (b) • LPCVDSSTy 

>H-yp o 1 yS i&J^U V>^Xhn^-->5>^ 

P ^fS-^^^^ J > 2 i: H-:/hPT*^^^ 

e3. 3* ^mmt^.-sxz. LPcvoig3iTry>H 

-yPo 1 yS i*«3MU (015 

(c) o h>4^;pmsiE^ffi:?'n-:/5i:5i^tii 

:/7^9P^;grn^ 5 (d) . ^5^(^JS3. 
3' on^ — >t.\yX\t^j^tb^ii^. m^^tm^ 

(a) , (b) (T^Jc^lC-rS^ltT^^T^So 
[0 0 7 0] *>5^Wt-©JKH)«, 
3. 3' ©««£*!lfflltC<fcDia3©YttjEfmK 

^uA-(DTffimS3 2 t-^nt^r^UTsb^s 
i±<D||ffi3 3®Wfcji^;feyW TXS^iHi*r^i@« 

[00 7 1] :k\z. ^££09 1 tiaifilJC, H 1 0 \z^\y1t 
teJ^l 0 aicHOPG i^^yy^ M 

[0 0 7 2] ^fc, ±e*>5=^i^n— s:^n-:fsr, isg 

[00 73] ^^4 

mu mmmi, 2, so^cT^tim&^t-'boTa&s. 

0 3 \Z^Vft:^^mm 1 >^ Wt~ 

^JS^JStSJfeSj^tt. ^ieft{!^®3. 3' 
> hP o 1 y S i iCftAT. it«lEKlS«tt:3a:^««I;Sl« 
Ta. W, Mo^&^V\ ^Jt, ^^^U/t— CD^mff 
2tUTPo 1 yS i2b^l>«S i O, 

S3, 3' ommmm\zxf)Yn:^]^i. :^>^wt-T 

MCOm® 3 2 t S i ^« 1 ±<Dm^ 3 3 F^®y W T>^RI 
T'b^|gi<4t^©/^^->ttH9 (a) . (b) (D^'^iZ 

[0 0 7 4] ;fi:\Zs m&m-i tmm^. hi o\z7^vft 

^;VS«^T, SCi^l 03JCHOPG (^'^:7r'rh) 
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15 

[0 0 7 51 ±©*>5^u/t-si:/n-::/^, m 

[0 0 7 6] 

[0 0 7 7] ^-r. mi};Z. (10 0) pl!5^U3>S 
CV'DmzXnmzyV=i>^l 0 um^^^'^zy 

u 3 >s« 1 tr^. t<Dm:. &mm s s <o^^<d^^ 
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